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Description

[0001] The invention relates to a process for the production of a flexible polyamide composition containing at least
50 parts by weight of non-crosslinked rubber per 50 parts by weight of polyamide. Such a composition is known from
US-A-5003003. US-A-5003003 describes that compositions containing at least 50 parts by weight of rubber per 50
parts by weight of polyamide only have good mechanical properties if the rubber is crosslinked during the mixing in
the melt of the polyamide and rubber phases; the rubber is then also said to be 'dynamically vulcanized'. If the rubber
is not crosslinked during the mixing in the melt, the composition's tensile strength, among other things, will be many
times lower. Especially in the case of polyamides with relatively high melting points, that is, higher than approx. 220°C,
the process of dynamic vulcanization is particularly difficult to realize without the employed crosslinking agents, gen-
erally phenolic resins, damaging the polyamide, and the vulcanization process is difficult to control. The rubber/polya-
mide compositions obtained via dynamic vulcanization are for these reasons generally discoloured and cannot be used
in colours other than black. JP-A-60.173.047 (Dainippon Ink) also discloses by way of its examples a thermoplastic
resin with improved oil resistance, good injection mouldability and good extrusion mouldability, comprising 20-40 wt
parts of an acid-modified olefin copolymer. Above this range (e,g, with 50 wt parts of rubber), it is disclosed that the
obtained moulded article becomes too flexible and that the heat properties, important for injection moulding decline,
as well as the tensile strenght and the oil resistance.
[0002] The object of the invention is hence a process for the production of a flexible polyamide composition containing
at least 50 parts by weight of non-crosslinked rubber per 50 parts by weight of polyamide, which has good mechanical
properties and is not, or not appreciably, discoloured.
[0003] The inventors have achieved this object with a process in which
A. 30-50 parts by weight of at least one polyamide and
B. 70-50 parts by weight of a rubber composition containing at least one functionalized rubber, are mixed with one
another in the melt phase, in which A+B = 100 parts by weight, characterized in that the polyamide has a molecular
weight such that the melt viscosity of the polyamide, measured at low shear at the temperature at which the polyamide
and the rubber are mixed in the melt, is lower than about 300 Pa.s and the rubber composition's Mooney viscosity ML
(1+4) 125°C, measured according to ISO 289-1985-(E), is at least 40. Preferably the polyamide's melt viscosity is
lower than 200 Pa.s, even more preferably 100 Pa.s, and the rubber's Mooney viscosity is at least 50, even more
preferably at least 55. Most preferably the rubber composition has a Mooney viscosity of at least 60. The inventors
have found that when the polyamide's molecular weight is chosen to be low enough, and the Mooney viscosity high
enough, a good dispersion of the rubber in the polyamide matrix is most surprisingly obtained. In the case of the
production of a polyamide/rubber composition the polyamide of which has a low melting point, a rubber with a relatively
low Mooney viscosity, above the indicated minimum value, will generally suffice. In the case of compositions containing
a polyamide with a high melting point the rubber will have to have a higher Mooney viscosity. Likewise, if, in the case
of a polyamide with a low melting point, the rubber has a sufficiently high Mooney viscosity, a higher molecular weight
will usually suffice than in the case of a polyamide with a high melting point. Instead of the Mooney viscosity also the
melt viscosity of the rubber at the temperature of melt mixing at high shear may be chosen as a parameter. However
these data are not available for most materials. Anyhow under the conditions of melt mixing the melt viscosity of the
rubber composition should be appreciably higher than the melt viscosity of the polyamide.
[0004] By carrying out systematic experiments, an average person skilled in the art will be able to find the right
combinations of the polyamide's molecular weight and the rubber's Mooney viscosity within the indicated molecular
weight and Mooney viscosity ranges for the combination of polyamide and rubber desired in his case.
[0005] The usual equipment can be used for the mixing in the melt, for example a Brabender mixer, a Haake or
Busch kneader or an extruder, for example a single- or double-screw extruder. Preferably a double-screw extruder,
excerting high shear, is used. To prevent the risk of the polyamide suffering thermal damage, the process is preferably
carried out in an inert gas atmosphere.
[0006] Rubber composition B preferably contains a combination of at least one functionalized rubber and a non-
functionalized rubber. As used herein rubber means a low modulus flexible polymer with a glass transition below 0°C,
preferably below -25°C. Examples of polymers falling under this definition are copolymers of ethylene and α-olefins,
for instance propylene and butylene. Also the new group of plastomers, copolymers of for instance ethylene and 1-oc-
tene, obtainable by polymerisation in the presence of a metallocene catalyst are usefull as a component of composition
B. 'Functionalized rubber' is understood to be a rubber containing groups that can react with polyamide. Such func-
tionalized rubbers are known. A very large number is for example described in US-4,174,358, as are the methods for
preparing these functionalized rubbers. Various functionalized rubbers are commercially available under different
names. Very suitable are rubbers that have been chemically modified through reaction with maleic anhydride or graft-
copolymerisates of the rubber and an unsaturated dicarboxylic acid anhydride or dicarboxylic acids and/or esters, for
example maleic anhydride, itaconic acid and itaconic anhydride, fumaric acid and maleic acid or a glycidyl acrylate,
for example glycidyl methacrylate. In such a case the polyamide preferably contains sufficient amino end groups that
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can react with the functional groups. As the molecular weight of the polyamides that can be used in the process ac-
cording to the invention is relatively low, the number of available amino end groups is generally high enough.
[0007] In principle, any non-crosslinked rubber that meets the Mooney viscosity requirements is suitable for use in
the process according to the invention. 'Non-crosslinked rubber' is understood to be a rubber that is substantially non-
crosslinked and shows no typical elastic behaviour. In the practice of mixing in the melt at high temperatures some
crosslinking can generally not be prevented. Preferably the gel content is less than 50%, more preferably less than
30%, even more preferably less than 10%. The gel content is here defined as the fraction of the rubber that is insoluble
in the solvent suitable for the rubber in question. For an EPDM rubber a suitable solvent is for instance xylene.
[0008] As B, use is preferably made of a combination of an ethylene-α-olefin copolymer, for example an ethylene-
propylene copolymer, EPM, rubber and an ethylene-α-olefin terpolymer whose third monomer is a non-conjugated
diene, for example a norbornene, for example ethyl norbornene, or hexadiene, for example ethylene-propylene-nor-
bornene terpolymer, EPDM rubber. In this case both the EPM and the EPDM may be functionalized. Preferably a
combination of a non-functionalized EPDM rubber and a functionalized EPM rubber is used. In the case of polyamide
6 the functionalized EPM rubber has preferably been functionalized with maleic anhydride (MAh). Known EPDM rubbers
are for example commercially available under the trade names Keltan from DSM NV, Nordel from E.I. du Pont de
Nemours and Company, and Royalene from UniRoyal.
[0009] MAh-functionalized EPM rubbers are for example Exxelor VA 1801® made by Exxon and Tafmer MP 0610®
of Mitsui.
[0010] The MAh content of the functionalized rubber may vary within a wide range, for example between 0.1 and 10
wt.%, preferably between 0.1 and 5 wt.%, more preferably between 0.1 and 2 wt.%. The weight ratio of the functionalized
and non-functionalized rubbers may vary within a wide range, for example between 1:10 and 10:1; preferably the ratio
is chosen to be lower than 1, for example between 0.9 and 0.1.
[0011] Very surprisingly compositions with superior properties are those in which at least one of the components of
the rubber composition B is a styrene butadiene based block copolymer or functionalized styrene-butadiene block
copolymer. This kind of elastomeric block copolymers is for instance commercialized under the tradename Kraton by
Shell.
[0012] The flexible polyamide composition, obtainable with the process according to the invention, comprises
A: 30-50 parts by weight of at least one polyamide
B: 70-50 parts by weight of at least one non-crosslinked rubber, with A+B = 100 parts by weight, and is characterized
in that the rubber phase is dispersed as discrete particles in the polyamide as a continuous phase. The particle size
of the dispersed rubber is generally smaller than 5 µm, preferably smaller than 3 µm. Preferably 90% of the number
of rubber particles is smaller than 1 µm. The presence of A as a continuous phase does not exclude the possibility of
a minor amount of A, for example up to 10% of A, being incorporated in B as small particles.
[0013] Preferably the flexible polyamide composition contains a rubber composition B consisting of
b1: at least one non-functionalized rubber and
b2: at least one functionalized rubber.
In such a case the dispersed rubber particles preferably have a nucleus consisting of the non-functionalized rubber
and a shell consisting of the functionalized rubber.
[0014] The flexible polyamide composition according to the invention differs from the known polyamide compositions
containing at least 50 wt.% non-crosslinked rubber such as those for example disclosed in US-A-5003003 in that it is
significantly more resistant to oil. For example, for an A:B = 4:6 composition the increase in volume after 7 days' contact
with ASTM 3 oil at 100°C is even less than 10%, while for a similar composition according to the state of the art the
increase is more than 100% after only 3 days' contact with oil (see example 6B of US-A-5003003). This significantly
better resistance to oil is a simple confirmation of the fact that the rubber particles are contained in a polyamide matrix.
[0015] Preferably the flexible polyamide composition according to the invention contains polyamide in a minor fraction
for instance A being at most 45 pbw even more preferably at most 40 pbw, thereby imparting a higher flexibility without
significant loss of oil resistance.
[0016] In the process for the production of a flexible polyamide composition according to the invention it may be
advantageous to use a plasticizer for the polyamide phase. This will make it possible to use polyamides with a higher
molecular weight than without the plasticizer. With this process a lower shore hardness is moreover obtained for the
compositions. Examples of plasticizers for the polyamide phase are nonyl phenol and butyl benzenesulphonamide.
The plasticizer is generally used in an amount of between 1 and 15 parts by weight, preferably 2-10, per 100 parts by
weight of polyamide.
[0017] In a different case it may be advantageous, for example in order to improve the tensile strength, to subject
the composition to after-condensation, preferably in the solid phase, after the mixing in the melt. Such a process can
however not be used without limitations because there is a risk of phase inversion or separation into two cocontinuous
phases during the processing of the composition by means of for example injection-moulding.
[0018] The composition according to the invention may furthermore contain the additives commonly used for polya-
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mides, for example stabilizers, flame retardants, processing aids such as release agents and colourants or pigments.
For specific applications the composition may optionally contain reinforcing fibres, for example glass fibres. The rubber
phase may contain the additives commonly used for rubber and may for example be diluted with oil to a limited extent.
[0019] The composition according to the invention can preferably be used in processing methods involving low shear
forces, for example in the extrusion of tubes, hoses, cable sheaths, in blow-moulding processes, fibre spinning and
injection moulding.
[0020] The composition of the invention presents a particular advantage for application in the production of polyamide
inlet manifolds for internal combustion engines, in which a flexible zone can be incorporated in a sequential blow-
extrusion process, which facilitates the installation of the manifold. The strength of the welds between the glass-fibre-
reinforced stiff parts and the flexible part is of good quality because in all the parts the continuous phase is polyamide.
[0021] The composition of the invention presents a further advantage in applications in which a hard polyamide core
is to be coated with a soft flexible layer, also called a 'soft-touch' layer. Such an application is to be found for example
in tool handles and tool casings. This multi-layer structure with very good adhesion between the two layers can be
obtained through coextrusion or sequential injection moulding.
[0022] The good resistance to oil of the composition according to this invention presents additional, and often es-
sential, advantages in applications such as those mentioned above.
[0023] The invention will now be further elucidated with reference to the following examples and comparative exper-
iments. It will be clear to the average person skilled in the art that when specific rubbers are used in the examples,
these may be replaced by rubbers having the same properties as far as functional groups and Mooney viscosity are
concerned, and the polyamide 6 in the examples may likewise be replaced by any other polyamide that meets the
requirements imposed with respect to the melt viscosity at the processing temperature. The recipe, e.g. the type of
functional groups to be used, may then have to be adjusted in order to avoid undesired side-reactions in the case of,
for example, polyamides derived from dicarboxylic acids and diamines.

The experiments

[0024]

Sample preparation

[0025] The compositions were obtained by means of:

a) mixing in the melt in a Haake Reocord mixer. The composition components were mixed at a set temperature of
240°C for 8 minutes. The composition was subsequently removed from the mixer and cooled by means of cold
pressing;
b) mixing in a ZSK 30-mm double-screw extruder (L/D = 42). A temperature profile increasing from 150 to 260°C
was used. The throughput was 5 kg/hour at a speed of 200 revolutions per minute. The polyamide and the func-
tionalized rubber were mixed with one another beforehand and were fed to the extruder's throat using one K-tron.
Ground non-functionalized rubber, Keltan 778, was also dosed to the extruder's throat, using a separate K-tron.
This procedure was necessary because Keltan 778 had not been supplied as a granulate.

Materials

Akulon K120® Nylon 6, intrinsic viscosity 2.0 (in formic acid) from DSM, the Netherlands.
Akulon K122® Nylon 6, intrinsic viscosity 2.2 (in formic acid) from DSM, the Netherlands
Akulon K136® Nylon 6, intrinsic viscosity 3.6 (in formic acid) from DSM, the Netherlands
Keltan 778® EPDM rubber from DSM, the Netherlands, Mooney viscosity ML (1+4)125° = 66. Composition

68/25, 7/6.3, Tg ≈ -50°C.
Keltan 5508® EPDM rubber from DSM, the Netherlands, Mooney viscosity ML (1+4), 125° = 54.6. Increased

ethylene content 72.7/23.2/4.2, Tg = -50°C.
Exxelor VA-1801® EP rubber modified with maleic anhydride - (0.65 wt.%) from Exxon, Mooney viscosity = 61,

Tg . -50°C. MFR = 9.
Royaltuf 485® EP(DM) rubber, maleic anhydride content about 0.5 wt.%, E/P ratio 75/25. From UniRoyal.
Kraton FG 1901X® Styrene-ethylene/butylene-styrene block copolymer, SEBS, having a styrene content of 28

wt.% and a maleic anhydride content of about 2.0 wt.% of Shell.
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Injection-moulding of specimen rods and plates

[0026] The compositions obtained in the manner described above were injection-moulded under conditions usually
applied for nylon 6, using an Arburg 5 injection-moulding machine, after they had been dried in a vacuum oven for 24
hours at 80°C.

Morphology

[0027] The samples' morphology was investigated with the aid of Transmission Electron Microscopy (TEM).

Figs. 1 and 2 show scans of compositions 01 and 07 in Table 1.
Fig. 3 shows a detail of composition 1, in which the rubber particles' nucleus-shell structure is clearly recognizable.
Fig. 4 shows composition 09. Fig. 5-7 show the compositions 12-14 and Fig. 8-11 the compositions 15-18. In Fig.
12 composition 10 is shown.
Fig. 13 is an enlarged photograph of composition 8, showing the Kraton FG as the dark shell covering the rubber
particle in the polyamide matrix. Excess Kraton FG is present as separate particles.

Oil resistance

[0028] The samples' oil resistance was measured as weight change in % after 7 days immersion in ASTM #3 oil at
100°C (experiments 01-09) or ASTM #1 oil (experiments 10-18).

Mechanical properties

[0029] The following were determined of dried samples:

1. hardness according to DIN53505: Shore D (or A) ;
2. tensile test: tensile modulus, tensile strength and elongation at break, according to ASTM D638;
3. impact resistance, notched, at 23°C, 0°C and -40°C according to ASTM D256.

[0030] Table 1 presents a survey of the experiments carried out with different compositions and their results.
[0031] One of the conclusions that can be drawn from these results is that a relatively small difference in relative
viscosity, ηrel = 2.0 --> 2.2, between compositions 1 and 7 already causes phase inversion. Also exp. 01 vs. exp. 03
shows the necessity of the presence of the functionalized rubber.
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The gel content of the rubber in composition 02 was determined as the insoluble fraction in n-decane. The polyamide
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particles present in the rubber particles were also determined as the insoluble fraction.
Nevertheless, a 'gel content' of 9% only was found. Sample 10 shows that even a composition in which the polyamide :
rubber ratio is 3:7 can be obtained in which the polyamide forms the continuous phase and non-crosslinked rubber is
dispersed therein. Taking account of the differences in densities a volume ratio of even as high as 25:75 is realized.

Example VII

[0032] With the composition 01 (Example 1) a bellow for a constant velocity joint was blow moulded on a Bekum
BAE1 blow moulding machine. The bellow showed excellent mechanical properties and oil resistance.

Example VIII

[0033] With the composition 01 a flexible tube was extruded on a conventional extrusion machine. A tube having a
perfect surface and oil resistance was obtained.

Example IX-XV (samples 11-17)

[0034] In a further series of experiments the influence of the ratio of functionalized to non-functionalized rubber was
varied. The results and compositions are given in Table 2.
From the data in the Table it is clear that Kraton FG-1901 X is more effective to obtain a good dispersion than Exxelor
VA 1801.
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Claims

1. Process for preparing a flexible polyamide composition containing at least 50 parts by weight of non-crosslinked
rubber per 50 parts by weight of polyamide by mixing
A. 30-50 parts by weight of at least one polyamide and
B. 70-50 parts by weight of a rubber composition containing at least one functionalized rubber with one another
in the melt phase with A+B = 100 parts by weight, characterized in that the polyamide has a molecular weight
such that the melt viscosity, measured at low shear, at the temperature at which the polyamide and the rubber are
mixed in the melt, is lower than 300 Pa.s and the rubber has a Mooney viscosity, ML(1+4), 125°C, measured
according to ISO 289-1985-(E), of at least 40.

2. Process according to Claim 1, characterized in that the polyamide has a molecular weight such that the melt
viscosity is lower than 200 Pa.s.

3. Process according to Claim 2, characterized in that the melt viscosity is lower than 100 Pa.s.

4. Process according to any one of Claims 1-3, characterized in that the rubber's Mooney viscosity is at least 50.

5. Process according to any one of Claims 1-4, characterized in that the mixing in the melt is carried out in an
extruder.

6. Process according to any one of Claims 1-5, characterized in that rubber composition B is a combination of at
least one functionalized and at least one non-functionalized rubber.

7. Process according to any one of Claims 1-6, characterized in that the functionalized rubber has been function-
alized with acid groups.

8. Process according to Claim 6, characterized in that the rubber is chosen from the group comprising ethylene-α-
olefin co- and terpolymers.

9. Process according to Claim 6, characterized in that the functionalized rubber is chosen from an ethylene-propyl-
ene copolymer modified with maleic acid and a styrene-butadiene block copolymer functionalized with maleic acid
anhydride.

10. Process according to Claim 6, characterized in that the weight ratio of the functionalized and non-functionalized
rubbers is between 10 and 0.1.

11. Process according to Claim 10, characterized in that the weight ratio is between 0.9 and 0.1.

12. Flexible polyamide composition comprising
A: 30-50 parts by weight of at least one polyamide
B: 70-50 parts by weight of at least one non-crosslinked rubber, with A+B=100 parts by weight, characterized in
that the rubber phase is dispersed as discrete particles in the polyamide as the continuous phase.

13. Flexible polyamide composition according to Claim 12, characterized in that the average particle size of the
dispersed rubber is smaller than 5 µm.

14. Flexible polyamide composition according to Claim 13, characterized in that phase B consists of (b1) at least
one non-functionalized rubber and (b2) at least one functionalized rubber.

15. Flexible polyamide composition according to Claim 14, characterized in that in the dispersed rubber particles
(b1) constitutes the nucleus and (b2) surrounds it as a shell.

16. Process according to any one of Claims 1-11, characterized in that the polyamide contains a plasticizer.

17. Flexible polyamide composition according to any one of Claims 12-15, characterized in that the polyamide con-
tains a plasticizer.
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18. Process according to any one of Claims 1-11 and 16, characterized in that the composition is subjected to solid-
phase after-condensation.

19. Moulded article entirely or partly consisting of the composition according to any one of Claims 12-15 or 17.

20. Moulded article according to Claim 19 obtained through sequential extrusion or coextrusion of the composition
according to any one of Claims 12-15 or 17 with glass-fibre-reinforced polyamide.

Patentansprüche

1. Verfahren zur Herstellung einer flexiblen Polyamidzusammensetzung, die zumindest 50 Gewichtsteile unvernetz-
ten Kautschuk pro 50 Gewichtsteilen Polyamid enthält, durch Mischen von
A. 30 bis 50 Gewichtsteilen zumindest eines Polyamids und
B. 70 bis 50 Gewichtsteilen einer Kautschuk-Zusammensetzung, die zumindest einen funktionalisierten Kautschuk
enthält, miteinander in der Schmelzphase, wobei A + B = 100 Gewichtsteile, dadurch gekennzeichnet, daß das
Polyamid ein derartiges Molekulargewicht aufweist, daß die Schmelzviskosität des Polyamids, gemessen bei ge-
ringer Scherbeanspruchung, bei der Temperatur, bei der das Polyamid und der Kautschuk in der Schmelze ge-
mischt werden, geringer als etwa 300 Pa.s ist und der Kautschuk eine Mooney-Viskosität ML (1+4) des Kautschuks,
125°C, gemessen gemäß ISO 289-1985-(E), von zumindest 40 aufweist.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daß das Polyamid ein derartiges Molekulargewicht auf-
weist, daß die Schmelzviskosität geringer als 200 Pa.s ist.

3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daß die Schmelzviskosität geringer als 100 Pa.s ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, daß die Mooney-Viskosität des Kau-
tschuks zumindest 50 beträgt.

5. Verfahren nach einem der Ansprüche 1 bis 4, dadurch gekennzeichnet, daß das Mischen in der Schmelze in
einem Extruder durchgeführt wird.

6. Verfahren nach einem der Ansprüche 1 bis 5, dadurch gekennzeichnet, daß die Kautschukzusammensetzung
B eine Kombination von zumindest einem funktionalisierten und zumindest einem nicht-funktionalisierten Kau-
tschuk ist.

7. Verfahren nach einem der Ansprüche 1 bis 6, dadurch gekennzeichnet, daß der funktionalisierte Kautschuk mit
Säuregruppen funktionalisiert worden ist.

8. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daß der Kautschuk aus der Gruppe gewählt wird, die
Ethylen-α-Olefin-Co- und Terpolymere umfaßt.

9. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daß der funktionalisierte Kautschuk aus einem Ethylen-
Propylen-Copolymer, das mit Maleinsäure modifiziert wurde, und einem Styrol-Butadien-Blockcoplymer, das mit
Maleinsäureanhydrid funktionalisiert wurde, gewählt wird.

10. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daß das Gewichtsverhältnis der funktionalisierten und
nicht-funktionalisierten Kautschuke zwischen 10 und 0,1 ist.

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, daß das Gewichtsverhältnis zwischen 0,9 und 0,1 ist.

12. Flexible Polyamidzusammensetzung, umfassend:

A: 30 bis 50 Gewichtsteile zumindest eines Polyamids
B: 70 bis 50 Gewichtsteile zumindest eines nicht-vernetzten Kautschuks, wobei A + B = 100 Gewichtsteile,
dadurch gekennzeichnet, daß die Kautschukphase als diskrete Teilchen in dem Polyamid als die kontinu-
ierliche Phase dispergiert ist.
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13. Flexible Polyamidzusammensetzung nach Anspruch 12, dadurch gekennzeichnet, daß die mittlere Teilchengrö-
ße des dispergierten Kautschuks kleiner als 5 µm ist.

14. Flexible Polyamidzusammensetzung nach Anspruch 13, dadurch gekennzeichnet, daß die Phase B aus (b1)
zumindest einem nicht-funktionalisierten Kautschuk und (b2) zumindest einem funktionalisierten Kautschuk be-
steht.

15. Flexible Polyamidzusammensetzung nach Anspruch 14, dadurch gekennzeichnet, daß in den dispergierten Kau-
tschukteilchen (b1) den Kern bildet und (b2) ihn als eine Hülle umgibt.

16. Verfahren nach einem der Ansprüche 1 bis 11, dadurch gekennzeichnet, daß das Polyamid einen Weichmacher
enthält.

17. Flexible Polyamidzusammensetzung nach einem der Ansprüche 12 bis 15, dadurch gekennzeichnet, daß das
Polyamid einen Weichmacher enthält.

18. Verfahren nach einem der Ansprüche 1 bis 11 und 16, dadurch gekennzeichnet, daß die Zusammensetzung
einer Festphasen-Nachkondensation unterworfen wird.

19. Formkörper, der ganz oder teilweise aus der Zusammensetzung gemäß einem der Ansprüche 12 bis 15 oder 17
besteht.

20. Formkörper nach Anspruch 19, erhalten durch aufeinanderfolgende Extrusion oder Coextrusion der Zusammen-
setzung nach einem der Ansprüche 12 bis 15 oder 17 mit Glasfaser-verstärktem Polyamid.

Revendications

1. Procédé de préparation d'une composition de polyamide flexible contenant au moins 50 parties en poids de caout-
chouc non réticulé pour 50 parties en poids de polyamide, consistant à mélanger
A. 30 à 50 parties en poids d'au moins un polyamide, avec
B. 70 à 50 parties en poids d'une composition de caoutchouc contenant au moins un caoutchouc fonctionnalisé,
en phase à l'état fondu, avec A + B = 100 parties en poids,
caractérisé en ce que le polyamide possède une masse moléculaire telle que la viscosité à l'état fondu, mesurée
à faible cisaillement et à la température à laquelle le polyamide et le caoutchouc sont mélangés à l'état fondu, est
inférieure à 300 Pa.s et le caoutchouc possède une consistance Mooney, ML (1+4), à 125°C, mesurée selon ISO
289-1985-(E), d'au moins 40.

2. Procédé selon la revendication 1, caractérisé en ce que le polyamide possède une masse moléculaire telle que
la viscosité à l'état fondu est inférieure à 200 Pa.s.

3. Procédé selon la revendication 2, caractérisé en ce que la viscosité à l'état fondu est inférieure à 100 Pa.s.

4. Procédé selon l'une quelconque des revendications 1 à 3, caractérisé en ce que la consistance Mooney du
caoutchouc est d'au moins 50.

5. Procédé selon l'une quelconque des revendications 1 à 4, caractérisé en ce que le mélange à l'état fondu est
réalisé dans une extrudeuse.

6. Procédé selon l'une quelconque des revendications 1 à 5, caractérisé en ce que la composition de caoutchouc
B est une combinaison d'au moins un caoutchouc fonctionnalisé et d'au moins un caoutchouc non fonctionnalisé.

7. Procédé selon l'une quelconque des revendications 1 à 6, caractérisé en ce que le caoutchouc fonctionnalisé a
été fonctionnalisé avec des groupes acides.

8. Procédé selon la revendication 6, caractérisé en ce que le caoutchouc est choisi dans le groupe constitué de co-
et terpolymères éthylène/α-oléfine.
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9. Procédé selon la revendication 6, caractérisé en ce que le caoutchouc fonctionnalisé est choisi parmi un copo-
lymère éthylène/propylène modifié avec de l'acide maléique et un copolymère séquencé styrène/butadiène fonc-
tionnalisé avec un anhydride d'acide maléique.

10. Procédé selon la revendication 6, caractérisé en ce que le rapport pondéral des caoutchoucs fonctionnalisé et
non fonctionnalisé est compris entre 10 et 0,1.

11. Procédé selon la revendication 10, caractérisé en ce que le rapport pondéral est compris entre 0,9 et 0,1.

12. Composition de polyamide flexible comprenant
A. 30 à 50 parties en poids d'au moins un polyamide,
B. 70 à 50 parties en poids d'au moins un caoutchouc non réticulé,
avec A + B = 100 parties en poids,
caractérisée en ce que la phase de caoutchouc est dispersée sous forme de particules discrètes dans le polya-
mide, en tant que phase continue.

13. Composition de polyamide flexible selon la revendication 12, caractérisée en ce que la granulométrie moyenne
du caoutchouc dispersé est inférieure à 5 µm.

14. Composition de polyamide flexible selon la revendication 13, caractérisée en ce que la phase B est constituée
de (b1) au moins un caoutchouc non fonctionnalisé et de (b2) au moins un caoutchouc fonctionnalisé.

15. Composition de polyamide flexible selon la revendication 14, caractérisée en ce que les particules du caoutchouc
dispersé (b1) constituent le noyau et (b2) l'entoure comme une coquille.

16. Procédé selon l'une quelconque des revendications 1 à 11, caractérisé en ce que le polyamide contient un plas-
tifiant.

17. Composition de polyamide flexible selon l'une quelconque des revendications 12 à 15, caractérisée en ce que
le polyamide contient un plastifiant.

18. Procédé selon l'une quelconque des revendications 1 à 11 et 16, caractérisé en ce que la composition est soumise
à une post-condensation en phase solide.

19. Article moulé entièrement ou partiellement constitué de la composition selon l'une quelconque des revendications
12 à 15 ou 17.

20. Article moulé selon la revendication 19, obtenu par extrusion ou coextrusion séquentielle de la composition selon
l'une quelconque des revendications 12 à 15 ou 17, avec un polyamide renforcé par des fibres de verre.
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